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Abstract 



PROBLEM TO BE SOLVED: To provide a method of growing an oxide thin film on a substrate. 
SOLUTION: In the method of growing an oxide thin film according to the principle of the ALD 
method where an oxide thin film is deposited onto a substrate by an alternating surface reaction j 
of metallic raw material and oxygen raw material, the oxygen raw material to be used is 
composed of a compound of boron, silicon or metal having at least one organic ligand, and the 
oxygen is combines with at least one atom of boron, silicon or metal. ) 
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[00 2 6] Zilh<nW£h4y7i]-Y0 •> •> '52 6 
a- Hi. -efL-fiX^ y K 5 1 3 a~ 1 (Cg*T'# -5. cfc 
o\,Z+£->X^h. 525(3. n-5502, 504Ht 
|gtt^iX7^:> — h^V YX'hh (02) . is-Y/H H 
5 2 5<7)y- h 5 0 1 (Ctf ^4ffltCtt£»tf>/h5WRfrt 
£>*lTOT. ^0^<7)*S(cJ;O02<7)T*i:Ox7- 
^lEtcJoTy- F50 \Wis^Ytf4 Y 
5 25 (C$* U y- I- 3 $ O £ Kit t T n 
h. i<—Ytfff$±.tftt. S**d£fifC&<&9. 4 
fc. is-htf^vYlcm&t&Ztlthh. 515(3. 
JJUi^flWWc «k 9 is- Y 5 0 1 ±fc, &/X/UJ: "My 
y-h5 0 1±fcJBjS3*lSF-yh 

[ 0 0 2 7 ] 0 2 tSSSflS 5 2 7 fiiBfi-t y^Tfo 
[ 0 0 2 8 ] frfc\ jftS-b 5 2 7 (3EMS<7)-fe 



T'&J:^U©ai!<9-»ryirei>J:v\, jgj&S^-ty+h?) 
i§-£<3. 5 2 7<7)f3M. &tf 5 2 7(0&Mt is- Y 5 0 

1 *tts^^raofia^v^-riui»t:?fe*ai*«. fa* 

fcSttSWffctt fcfi* i k tc5r^> . Y 5 0 1 tfBQt 

[00 29] 05ti. TXYy^-ycDtmm^tm 
X'hh. i^-h5 0 l±fc. 01<yM >?isx v YaH® 
^aSrfflv^T, M5lz^t Xo^TXYy^-ynm 
■fh. 5 3 0 a~5 3 0 1 ti. W<l5 1 3 a~5 1 
3 1 X\ 10 0%l2f* (-r^T^yX^tlfflUTafc 
hZt%<m$i) Uzffl£X'f>&. Z<r>£?lzimZti 
tz^-Yi-ax^tmrnziyift. ss-^a 
gx'is-YzxjtfMzmm-fhmz. ^fxY^-yii 
smmnmg&mmtyy 5 21 izx-ixmwRi. m 

^(i. rx Y'*?-yim*t7%-?tzis- Y ZMfe^ y 

Hscisoa*. 5^- h &-%<7>w&X'xiTmzm£t 
bffliz. tx Y^?-ymmt$<7)m%.zi&&-t>->r5 

2 7{z£-oXia?+WLh. JUi. TXYy^-ymkZ'fi 

^f^jfc # <=ox ^ i- *m v aiesr m% 1 x i> x 
izm^xii<mm&. 

[0030] m6im*M^izm&T-s'<n-m&ffit 
mx'ht. 06tii. (4BtS^^«jst- ^ss^jx 0 

$ iiT t> 0 . IftilJiillS D S: . MMttRMR 0 
fia^r^t. 04><7)L(i. 05^L. -ttchib, -o<7) 

y xivm^-k. x xivxmi Lizmvm&ttit i> . 0 6 

fcfevvCftSLfcy' Xy^gcT^fJ-r £ £ t J: 0 . * 
Mf-7"/H04c (@B2) C«ttt6. 

[oo3i]07ti. mg.nmz&imxrfys'zm- 

. *J ft 6 B^JaS^BcO^J * I) 

Xn-y^0T'J>l.. 4/L\ 08(3. 0 7 (C*rfii<££!yi 

[0032] z^mwmmmn. muz^i-xd^z. 
a«A^i^ i o 1 1 , aftg* i o 2 1 . xaa^iep^tf 
3cpuio3t. sasriwf5-e-i>ro^5^#a 

T-X;^tgJrtLTV^iE1t«(*cl04t. ffiti^ft* 
0 5 1, XJlWVte&ttt&'tst-is'X* 'J 10 6k. 

atur- ^ ft 2 fwt-r i> wmmmffl 1 o 7 1 . 2 a^t s 

ii^B^r-^fttS^-r^t'-y NTU—y^^'J 10 8 
t . t* y H TV- y ^ t U 1 0 8 it^T- ^ (C 

109 (01~04<Offi«ftBil.) T'fil^$ii. ^ 
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l o-cttttSiro**. Kttttfti 04 
Wi. ^wffiEflakT 1 -^ 10 4a, 4 ytmteil 

h&fr-kh&T- y')V 10 4b, y X;l^jftK-r- ^ 
10 4c, ©JWTo^^AP 1 0 4 d**|«tt§*l.T H 

[00 33] liTF, 07, H8*ffl^TB*WSl«l 0 
7tcJ:6afRT-^02*fla!rat:'0^-CKW4. * 

himom y h izmhimztit: f y h-caww** 
isiatcjaasrff^ 3 i t a*? s * i t imm 



mm 


# i 


# 2 


#3 


#4 


#5 


#6 




0.125 


0.25 


0.5 


1 


2 


3.88 




0.06 


0. 11 


0.22 


0.44 


0.89 


1.72 



C0034 3 xy^mEsmi i ui. mmxxmio 

If A^ftSW&ffi^CV (CodeValue) £, 

Dessau -f^-^tyio6wa*w*. ass 

*jM#n 1 2(i, 4 lO6ft0)Ztlfrti>9& 
H#4. 

[003 5] 4y?#iB8UIl 1 3(i, 
a^f-y;H04bJ|f„U ?±aH*jMiRl 1 2 

asiR-r s . *<vm)mmT<r)* o izm o . 

[0036] *£t0BBOieflK-y K"Pttfflf 
[0037] 



[ 0 0 3 8 ] * 1 l/ZTjk-fX o K, 4«3(5^«i"Cttfflf 6 
>^{i6 9 . ^5r*» fcHfc # 1 ~# 

-f >^coaiatT*>{±L^v^v^SiJll^T-C1i, -W) 

B*T'*-rc: fc <T)x-% mmmi. 6+15+20 + 1 

5 + 1 ( 6 C 1 +6C 2 + 6 C 3 +6C 4 + 1 <«K0) ) =5 
7i$r4. *l?tt. HHRSfcfc 

fc, ^Ofc SOWttO-f Fy h£?W S/SftOSfe 
fl«*<0«Ktfctt. {£«J&il#^ia&'l : 2 : 4 : 8 : 
1 6 : 32tC^oTV%S. LT, 5 7^m<Oo *> 
^5 3ira£ffiRJLTB«£iWrr*. -5*9. A^B 
<£f - * ( i <Df«T«i 2 5 6 KM ) £ 5 3 ttft LT Btt 

[ 0 0 4 0 ] 09ti-f y?m$\*M& J t : f-7A> 1 0 
4 b<o-fl£5Vf Hf**. 4 y^MhiThm^h^ 
10 4b ±j£ Lfe 5 3RHW>£IBil9&a 

4. 09(Cfc^T, No. cr>Mammz*iT 



[0 04 1 ] ^y^K#l~K#6«0<Ht=t3^T, OJi 

ifc, d 1 ( i ) ( i=0~5 2 : Sic) Oflttff 

^LTV^^fc, 2 5 6PBH<oaUEr-^CDf[Ktt N 
«S5Ti&SraBI«BEO D co&ffl ( £ ^ X'\t 0 ~ 3 . 2 
7)525 6^Lfc^ig£ODtta*ttJ&LT^6. 
4fcth(i) ( i =0-5 2 : 99R) coffilfiA^Bfll 
t-?£ 5 3P B 6 l«cOU-fn*^ilftc^'t?,7t»c7)Bg 

WfgiaW^d 1 ( k - 1 ) t , Mf-^C DficOPg 

pu^d i (k) t<Dffl?>tt>&?>mmT-?cDmz 
[ o o 4 2 ] >f y^mhnhm^T-7'^ 1 o 4 1> c 

#»Ii I3f(i, y^fco^Tttaj. T 

D±ttSr*-r2jifi^, d l~d6#&5g$tl.g>„ 
[0043] SWB8 Kfc^T , J3Uh<9<fc -5 (c LTi#4> 
fL-t2fflfl^dl~d6li, A.yyr^^'Jl 14(C|k 
jM^tll.. A 7 7T^t'J 1 14-Cti, 1 t'-y h-f-Oj* 

<oii"C < I) 2 ffir- ^ * , Ztitfm hixx<h mz h* ••/ 
yy^r'j l 0 8fc:!KjI-f!>. t=5:i?*>. t'v hri^-y 
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.Xt'J 1 08tfVUlH#8t* y N<Di§-££fi s 

1 14Cf-^* 5 8h'7 h#W9t*tlb*lZ* t'y 

U—y^^'J 1 0 8fcT-?£l£>*U #t'-y h7*W- 

[ 0 0 4 4 ] AW, jgS^im 1 1 5-Cli. JX)\M 
i&gr-TVH 04c £#<SU 4 >?#gM!»Il 13 

[0 04 5] 01 0(i7X;UftSJgr-7';H 04c<7) 
WI$r^-rilT-J)l.„ 111 Otfcut. -#£<?)?ijl2. & 

^•yRC2 5 6fflc7)yX/U#$>l>. ifc. ±*>£>lffg 
1^7 (03^5 1 3 a~5 1 3 1 T^L 

fc> . 2ftmM>7vmm. 3fifa«#^y k*^# 
SjfijiisoD^isitttSr^-r. -rfi^ff. a 

t&tzib&s xmm^ti h <ox\ zosxjummg. 

T-X)V 10 4c £#B3LT , nrnZ-Wb^hh J X)V 

[0046] «g»>r y?iz* imzant&ifr&u. 

IW*>I^t:^^TA' 7 7r^ty 1 14fcgli£ 

m&m&oDmsx)i-m&%T-7>i>i 04 ch» 

[004 7] ifclvC. OD«fcCD«Sr«iB$-ti:S<te« 

E#iCDffi=2 5 5xODffi/3. 2 7 = 2 5 5 (1- 
ODffi/3. 27) 

KWC. «KtaBB**>CD« (RffMCDffl) fc<y)M 

#A££itj-fi>. 

A =i5rS««T- ? C D 11-ISIiC DM 
V±<r>XotzLX. WKM&ttgl 1 5fcJ:->T*»A 
( jgJSIfiH ) £>ft6 i t fc«r* . 

[0048] is^teTOa 1 1 6 rut . ffiK^nit» 1 

1 5X'&&ZtLtzmftb£. 1 0 6ct)?± 

@BfSi<9MIi2B5i? KfftSW) fc*ifcE4HS»fcfl!^ Tffi 

X0tt&a#iNt7-f*. 

[0 04 9] J3Lh<01 1 2*»fcl 1 6*>*ja£. BffcD 

0, &-f y?y'i7 ha.^-y hoh'-y h7V- >-d 1- 
d 6A>\ t'y h/b-y^t 'J 1 O8rt0>e^.«MI=Sr 



[0050] HI Hi, 08lc^L£B&3?»Ik:<fcl>t.' 

•y Y-?\s-y*&8m>** vmft*m&MZ7fctmx'$> 

CDIi, ±SELfcffl«Kia»fc:«J: l 3KiaS*LT, t'-y h 
?v-y*^) i0 8lz&<<y7 ; Jx -y hJL--y hrt 

[005 1 ] -f ^-i^^'J 1 0 6fttf)$>l, 

■yhi- yhrt^Ptai. ^tti±i?ra-r2fiT-^(i, 
h'y bru-y^tv i o st*i<7)-f yfi/xv h^-. y 
hrfcfcWufcf-y h7V-yrt£7), £§BISti:Sl«W 

[0052] tztHi. aBH*«)«U£T-* C Dfi# 

a»10 7<02«fc«l«tCfcVvC, 09(C>i*Ufc-f V? 
WafT*>*fl-£-£-f-7Vl' 10 4b *<#HB$ixT^ y?<7) 

t'J 1 1 40d l~d -etl-eii2fflr-^0, 
1, K K 1. 0A c 1MA$tL&. -ftT. b'ybTU 
-XXt'J 1 0 8C:f8tt$ii£B(=li. *-f^y'i'y 
hi- - y h(^|EUch'-y VTV-y**: U d l~d 6 
c7)?±SH*tll@fl%P]Ga{c2fiT-^0. l s K 

[ 0 0 5 3 ] ffilf -Hr 0 . 02 T. ^0^co^ 
i 0 j/- h 5 0 1 * ! 0<7)^til*^o-5 5 0 2.5 
OScomzmi&itll. OV^y- h{±. ^r-^5 0 
7(3^:0, BrSIBii'olBI^WCXiriaitjS^ixS. 
-h* i ffihLT^I»Htc. t-^5 2 1*%HkU 
f -yxSrY^riftitc-ffiOxe-H-e^ttS-ari. ^f-v- 'J 

* ? D±ttS$fLl>. ^-y K^-hiSriffiSLT. ->-h± 

fr^Mtuz&mzb&mz*-? 5 o 7^*v— h m% 
wm.x^{z%mLxw±L. ;;twt-^0 7 

h ZffrfcX f- F-p^ftS |5|«^MJRW« 

>— h 5 0 1 ±KBfa^)Bflb&M$ftS . ieif*^T 
L^^-hJi. n-5504. 5O6(CT02<7)£*r|6) 
tcHBISfu o^T^0^ffiai^ST'0 2 ^£*[6]ic 

[0054] JJLhOj: 5 1 <?)Hi«B!Bfc J:*Uf » 

isfifiM ^te-fcot' . «■ / x/u<vmt<om 

^ZmEX'Z . BSSrl^iS^ii^T^S. 
[0055] <^WI>±ie^ 1 tf^lBUJBf {i. 
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12—11 6<7)7*n-teX£fi ; V\ ^-feO^ y FStfflS 
[ 0 0 5 6 ] * . ±&<0W, 1 tfSHiBBJBfCtt, -oco 

mm^-^yx^m cvy f> #»j&-t&<Di±i 

tt^ffi^LTV^. LA>L&#<^ lo<7)B*£./X7W 

iS£&Uz<<-?&tziiblz, imXX\ «v^iL (Ui 
-Oct) y X;l^ffco^y X'/U-Cldli Lfc^OH ) rtftt 

a. 2@awiji-t-i>B#£2nxg-"fc-ti>„ -?-lt, 
yN o ^at'i'^{ifi(ci2#s-ri,^(i, ^»$w>Tj3<. w 

xlf. 012 (b) (c^-riot. (Dotifl*!"* 

at, (2) oss* 2 a tieaf 4 ± a £&#>t & 
war . a a* c *t t x mm <r> j xa>#& 

[00 5 71012. 013 5r#!KXTlg^m B J!-t-l. . 
012 (a)JiL/2l*r?x-H*^«rr«>W(2^ 
EfPf) m7X<y}«Sfc&0'C*>l>. l^aT'^lfgfrfrtf 

iai3*i£ffc. u-vt^-nnzv./2mwht. > 

- h £ 05£ I X % I h t ffltt mz^\ -y F flWFfr |6J K 
L/ 2 icO{SStCfc^T2^°xa 

[00 58] 01 3{±. 01 2c02^-XEP#:$rff-5^ 

o%B(D;x)vx'imztihft<7>wmiz. wx^x- 
2 0 8#B<o/x/i/tieii$*u>. (*-?t\ -fy? 

[0 0 591 Z<r>i§&. 18(0A'77r^t'J 1 1 4 h 

t'y hriz-wtu i 0 8(±. ^y^cont, a* 

mx'&mzti&sxMz^x. ntas, ^p±aaco2«i 

1 5XU. aUE«>6f|-*$*>&IIK 4t^UC-5v^ 
[ 0 0 6 0 ] *fc . EKrOTCtt* ftfttfV <*lc**LT » 



A' 7 7r^t'Jl 14 tt'vhrV-^t'J 108* 
TO^Xfcffl^Wrfcfcfcttt'-y F7V- V 1 0 8? 

"utaa" i^oT^sBS^T^wsixs J; a c-r 

[oo6i] m 2 consul;] 0 1 4 u$ 2 <rmm 

rvyv-ttx'bh. t%b*>. ^m^mm^mzx 
<o . h 5 o i ^ Hox^rmtc-^aamBS-c* s 

idt^roTfcO- v- h 5 0 1 <0Y^|S]<0^(i 

\,zbiz->xwtt>Kr&w>;X)v (jX)vm ws 

f^ 7 K 5 1 3 a~5 1 3 f #0*fi9«£H5££iX"O> 
4. -f-LT. i^-hSOlJ^X^lSlfclKjMSniiafc. 
^•yH5 1 3a~5 1 3 f t J: -5"CBMei$2rff^ 0 . 
^ri. jtg-fe V-9-5 2 8* { i^- h 5 0 1 ^(gfcfcfc -5 
TlSft ^>fl t fc 0 . y il»y-k501 ^<35l£|| 

[ 0 0 6 2 ] fcfe. aiS-fe^ 5 2 8{iitiiST'tRit 

3taov^*^i6(t. 5 2 8<7){iMfcv-^Sr^±$^ 

[00-631 »l^*»B«fcH«. >-h50 1±^ 
*ftfW)/Xrt1W)/XW)*t»f^ 1 0 
0%Ei*£'<T&3. 01 5Ji0l 4K*$*i4v;l/f-7- 

,K7)xXhA-^-y&iiU£-ty-t5 2 8t-gg^JXS 
05. 06T-±3iLr;j:dHL.T^ix^'ii<7)yX;l- 

1 04c(CtHfrf*. 

[0064];«J:5 ^ypf-TU V hHj&eM&t? 

*>. lx^-^yft^. ^■yh'ofiEtBmofflMfiaW 
(Uifc <^ A 1 1 ibVi t o T v> !> cot- . i± a 

t. zmmzttix. mmzixhjxiv i&mm) a 1 

^h-^T-XH 10 4b £#raiTftffl«*iO./X'/U 

nohfrb. zmizmm-t-zsxfrztiifeth. *l 

;H 0 4 c $r#S3LT , 9EHite«$*i.6 i fc C=fl:4a 
[0065] IXhcO J: 3 fc, S5 2 cOHM^i- ifltf . 
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X . J XMZ i h ®%mco\£ (o^% h z t 

[ 0 0 6 6 ] fcti, ±BSL 1 fttfSS2<D3Sifc»SSTtt. 

mx'hz>zbi±^d&x'i>%^ (z.<7)®&. msiz^-t 
[00 67] tK. mt&. mmmtfmtosxMBt 
x/nmxm§tmj&<v®mz?T o «t o iz ix t, x *\ 

*i2«»o«BE*)-f X? ;7\,zr>\*x\ibW®r) 

migcDj ytzG-f&tsmz&^x . 7yv?m<r>;x 

/l-Mfc-o^XO* J X)VWS^rf—X)^^mh . -I CO 

li. ^t^aiii owm3?imzvkztiz>immm^ 

hXoizL. /XjV&Mth^l&iZ&LtcW Z<7)£ 

•c tiisa«*%aE ztL.m*. a mmmw&nmiiz mm 

cot\ T-X)\,mzw?t**:vm*?. im^&m 

[ o o 6 8 ] 4 , ±t z&mwmx'it . 

h K^Brtt-f -y h r > * t 'J ^wttajfS^oa 

m&i-&*x h 3 yti-^ffl|tte^Tffv\ 

fcr - ^5-(^yx7(- 8B££iEfc£ 4 J: o t L T 

[ 0 0 6 9 ] ±JE*SOlJraiT'tt, itSflHtfc L 

(^^.{fr-f-fffi, aafe^-vaso tiSMit 

[ 0 0 7 0 ] SScoKS <0Utf *x 

C 0 0 7 l] Sfc. *3WJ<0BWM;. mftLtzmm&B 

ommzmmt&vy h 70x0X7^3- KSria 

»LfcfEfflBIS*<*fct4iES«*) Sr. 

(ifcttCPUWU) 36^E«««tfc:ISttSfifcXnX 



*!iS£*L*:XQX3 A 3- F B***»» Lfc33»B!§<0 
»ffi*l^-r4ii:fc*0> *e0XoX7A3-F£iE 
ttLfciB«MS«ctl*fSW*»Jfi-r & i fc fc=Sr* . ttz. 
nyta-wmtli L£XoX7A3- K SrHfrtS 

*<DrnX7A3-K«D*g*tcS-^ 3yt 
a - ?±xmm IX v \« ^u-r -r y Xv^r a (os) 

tl&ZbltWoiX'l>%\\ 
[0072]^ fefc. IEtt«|Efte6»i5>a»ai Sft^XnX 

i^tut^aiiuta, -eorDX5A3-h-cr)^ 

^co«tlt£§S^-F^|gfi£5«x--yhtfii 

nmmzx ^xmftLtzmmB<7mmwmm2tim 

&&$itiZ>zttimotTi>%\,\ 

[0073] 

[^^*] &±mWUz£olz. *JMHtJ:*itf. 

;x)v%<7)mnh^ # *niE-t s £ t A^flgfc 0 . 
ffi 0 a n {4^®«m*^Itlt>5:.S»„ seta, aiwwi^-f 

fcv^T. yX/U#<7)iMJg{i'^oS^ffliE$fL, J:0AA 
[01 ] *se«««t J:S>f y^ y MBggSOS 

( teiisp ) z*i-®%Lmxfc h . 

[02 ] 0 1 fc^Lfc-f >i? y'i y MBMtHCOSIS<0 

[03]0i c*Lfc>f >^ y Maaaiaitistt 

[04] H3CSLfc^y •y> ? CflfttS*L*^«y 

mmhmxhh. 

[05] rXh^^-ycoiei*^l5:^t-0T'S)l>„ 
[06 ] I5l:^ffx h^^-yj; Off^^dSSr 

[07 ] *mmmzmhw&mgm<Dmmm- 

[08 ] 0 7 izmtmwmmmz i twkwmmi 
zwmthmx'hh, 

[09 ] a y7mbn-h&&t7—7fr 1 0 4 bco-m 
tt-fmx-hh. 

[010] yX;Pttiggr-X;P 104c <7)0iJ£^-f 0 
[011] H8tSLfcBfly?yitJ:ib*>y bru- y 

Ziimn* =t y ®%Mzak?mx'f> h . 

[012] (a)(i, L/2-fO^-h*Wt&ffl 
( 2/«Ep^) cOXy^a-t0TJ)O. ( b ) li. 1 
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[01 3] HI 2<7)2^A(fl¥£'if^?zi%^<7)Wr£<?)/ [015 3 iHfciaSVWJyhM^tt 

[iai4] m2commmiz£&'t >?i>x ? nam 



imi] [04] 
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[05] 



[06] 



[013] 




80- 



208 



[08] 



,108 



t' 7 Y7v-l 



( 109 



[07] 



,105 


,101 


RAM 












5IO6 


,102 














,107 


,103 








CPU 







f 104 



~104a 
^104b 

y XAs&&8£t- - 7A< H- 1 04c 
^104d 



— 110 



( Mia 



101 



Tcv~~/in 



,104a 



— r^r^ 1 1 AC 1 1 



assays** 



| 




104b 



,114 







\l d2 




Ud3 




\ld4 


K 


V|d5 


K 


]d6 





^108 



d3 



d4 



d5 



115 



104c 



,117 
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[09] 



[010] 



no «5 


U5 


m 


m 


Kff2 


Ml 


did) 


th(i) 


0 o 


o 


Q 


o 




x 


OlO 




i r\ 
i w 


r> 
<J 


r\ 
\J 


x 


Q 




8. 6 


4 3 


7 o 


Q 


pi 




A 


x 


17 3 


13. 1 


■2 /-v 
o U 


Pi 


x 


fS 

LJ 




x 


25! 9 


21 6 


j p> 


p, 




p» 


x 






an 1 


I 8 


2 


X 


X 


o 


X 


412 


33.9 


6 (J 


u 


x 


x 


x 


x 


51. 9 


47.6 


7 O 
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